shows the MRI obtained two months before surgery and fig 2 shows the CT obtained one day after the operation. Microscopic evaluation of the removed tissue yielded a diagnosis of glioblastoma. After tumour removal the patient had a paresis of the right leg (which subsided within two weeks) and showed dysfluent hesitant speech. At the time of the present examination, about three months after surgical intervention, postoperative radiotherapy had been completed. The patient had received antiepileptic medication (carbamazepine) since the first generalised seizure. 
Declarative and procedural or in more recent terms non-declarative memory and learning are considered two distinct modes of the acquisition of knowledge. I The first system mediates the long term storage of episodic information which can be retrieved intentionally. Non-declarative memory, by contrast, is characterised by behavioural changes as a result of experience rather than by recollection. A typical example of non-declarative learning is the development of skills. Recently, visuomotor procedural learning was reported to be impaired in patients with cerebellar degeneration or Huntington's disease.2 3 These results are in accordance with theoretical models relating skill acquisition to the basal ganglia and the cerebellum. 4 Both of these structures are reciprocally connected with the supplementary motor area (SMA) of the mesiofrontal cortex.6 Thus the SMA might contribute to the development of skills as well. Positron emission tomography studies, which disclosed SMA activation during motor learning, corroborate this assumption.78 On this basis, patients with SMA disorders would be expected to show an impairment in skill learning tasks. However, this after the last block of trials: subjects had to press the button at the location where they thought the next stimulus would appear in response to 30 sequences of four circle positions each. For each block the median reaction time-the time interval between stimulus appearance and pressing of the respective response button-was computed, excluding the initial and the final five trials which were presented in random order in all blocks.
TRACKING
Two tracking tasks were adapted from the procedure described by Frith 
Results
SERIAL REACTION TIME TASKS Figure 3 illustrates the development of reaction time across the different stages of learning.
The decrease of group means in the control subjects across blocks 1 to 4 (52 ms, SD 43 0) represents reaction time task learning. By contrast, the patient's reaction time increased by 32 ms. The difference in leaming between the patient and the controls achieved statistical 
TRACKING
In the first task, both the control group and the patient achieved a significant improvement of the "time on target" measure across sessions (fig 4, upper panel) . The between session improvement shown by the patient amounted to 7 9% for the horizontal and 10 8% for the vertical components. These data lay within 1 SD of the control scores (3 7 (SD 4 2)%, and 6-4 (SD 4 8)% respectively). For the mirror reversed task, the "time on target" scores of the controls increased by 8 0 (SD 5 0)% and 13-8 (SD 7 2)% respectively, between sessions (fig 4,  lower panel) . By contrast, The patient showed only minimal improvements of 0-8% (horizontal direction) and 2 4% (vertical direction).
Despite the large variance in the control group, the patient's learning scores tended to be significantly poorer than the respective control values (z = -143 and -1 60, respectively, both P < 0 10).
Discussion
The present study showed impaired proce- II As regards the extent of the postoperative lesion in the ventral direction, the surgical report states that tumour extirpation spared the cingulate gyrus. As there are no distinct neuroradiological landmarks of the anterior borders of the SMA that is, the transition from the agranular to the dysgranular/granular mesiofrontal cortex-it cannot be excluded that the patient's lesion extended to areas 8 and/or 32 (Brodmann). However, neither clinical nor experimental data indicate any participation of these regions in motor learning. Furhermore, the patient showed normal performance in tasks considered sensitive to dysfunctions of the prefrontal cortex such as the Wisconsin card sorting test and no behavioural signs typically associated with prefrontal damage were seen. Admittedly, the patient presented with slight fluency problems. These disorders might reflect, however, hesitant speech in terms of disturbed initiation of articulatory processes. "
By contrast with the serial reaction time and mirror reversed tracking tasks, the patient improved her performance to a similar degree as the controls during unreversed tracking. As the SMA seems to predominantly participate in the initiation of internally generated movement sequences5 and as unreversed visually guided tracking does not require significant internal elaboration of motor behaviour, the sparing of this function is not surprising. The serial reaction time and mirror reversed tracking tests, by contrast, should impose higher demands on visuomotor processing such as the sequencing of motor responses or the spatial reorganisation of the visually presented target. Besides the patient's relatively intact neuropsychological status this differential pattern of performance on various motor skill acquisition tasks provides a further argument against the suggestion that the procedural leaming deficits are due to radiotherapy or antiepileptic medication. These can be expected to give rise to more general cognitive impairments.
In summary, the present findings confirm previous PET results7 8 indicating the SMA to be a part of circuits mediating visuomotor skill acquisition. Besides the SMA, these "loops" involve the cerebellum and the basal ganglia.
The differential contributions of these structures to procedural learning remains to be determined. For example, cerebellar patients show problems in unreversed, but not with mirror reversed tracking tasks. 3
